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(TOF) The time of flight angiography 
type is a gradient echo sequences \ 
direction of blood flow. 
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an one side parallel to the slice can selectively destroy the MR 
the in-flowing blood from this side of the slice. This allows the technique to be flow 
nsitive and to separate arteriograms or venograms. When the local magnetization of 
3d is selectively altered in a region, e.g. by selective excitation, it carries the altered 
moves, thus tagging the selected region for times on the order of 
the relaxation times. 

For maximum flaw, signal, a complete new part of blood has to enter the slice every repetition 
(TR) period, which makes time of flight angiography sensitive to flow-velocity. The choice of TR 
and slice thickness should be appropriate to the expected flow-velocities because even small 
changes in slice thickness influences the performance of the TOF sequence. The use of 
sequential 2 dimensional Fourier ra' , L t FT slabs or multiple 3D 

slabs (chunks) are depending on the coverage required and the range of flow-velocities. 
3D TOF MRA is routinely used for evaluating the Circle of Willis. 

See also Magnetic Resonance Angiography and Magnetic Resonance 

Angiography. 
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Angiography means the imaging of eins nd '1 i . 1 j t tr jraphy iMRA) 

has a lower invasion than conventional angiography with catheter and X-ray contrast agent. 
Time of flight angioataphy (inflow) and phase contrast angiography works without contrast 
agents. Only in contrast enhanced magnetic resonance angiography is the use of contrast 
agents necessary, but the lack of side effects is an advantage of MRI contrast agents just as 
the smaller dosage as used in X-ray angiography techniques. 
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(CE MRA) Contrast 
surrounding tissue, and paramagnetic contrast agent. 

T1 -shortening contrast agents reduces the T1 value of the blood (approximately to 50 msec, 
shorter than that of the surrounding tissues) and allow the visualization of blood vessels, as the 
images are no longer dependent primarily on the inflow effect of the blood. Contrast enhanced 
MRA is performed with a short TR to have low signal (due to the longer T1 ) from the stationary 
tissue, short scan time to facilitate breath hold imaging, short TE to minimize 12* effects and a 
bolus injection of a suffizient dose of a gadolinium chelate. 

Images of the region of interest are performed with 3D spoiled gradient echo pulse sequences. 
The enhancement is maximized by timing the contr ast agent injection such that the period of 
maximum arterial concentration corresponds to the k-space acquisition. Different techniques 
are used to ensure optimal contrast of the arteries e.g., bolus timing, automatic bolus detection, 



;king. r. 



isregistration artifacts should be striven for. The postproce_ssjng with the maximum 
intensity projection (MIP) enables different views of the 3D data set. 

Unlike conventional MRA techniques based on velocity dependent inflow or phase shift 
techniques, contrast, enhanced MBA exploits the gadolinium induced T1-shortening effects. CE 
MRA reduces or eliminates most of the artifacts of time of flight angiography or phase 
contrast angiography. Advantages are the possibility of inplane i 
which allows to examine large parts in a short time and high resolution i 
hold. CE MRA has found a wide acceptance in the clinical routine, caused by the advantages: 

■ 3D MRA can be acquired in any plane, which means that greater vessel coverage 
can be obtained at high resolution with fewer slices (aorta, peripheral vessels); 

■ the possibility to perform a time resolved examination (similarly to conventional 
angiography); 

■ no use of ionizing radiation; paramagnetic agents have a beneficial safety. 
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| Flow II 
Flow phenomena are ntrinsic processes in the human body. Organs like the heart, the brain or 
the kidneys need large amounts of blood and the blood flow varies depending on their degree 
of activity. Magnetic resonance imaging has a high sensitivity to flow and offers accurate, 
reproducible, and noninvasive methods for the quantification of flow. MRI flow measurements 
yield information of blood supply of of various vessels and tissues as well as cerebro spinal 
fluid movement. 

Flow can be measured and visualized with different pulse sequences (e.g. phase contrast 
luence time of flight angiography) or contrast enhanced MRI methods 
(e.g. perfusion imaging, arterial spin labeling). 

The blood volume per time (flow) is measured in: cm3/s or ml/min. The blood flow-velocity 
decreases gradually dependend on the vessel diameter, from approximately 50 cm per second 
in arteries with a diameter of around 6 mm like the carotids, to 0.3 cm per second in the small 

Different flow types in human body: 

■ Behaves like stationary tissue, the signal intensity depends on T1, T2 and PD = 
Stagnant flow 

■ Flow with consistent velocities across a vessel = Laminar flow 

■ Laminar flow passes through a stricture or stenosis (in the center fast flow, near the 
walls the flow spirals) = Vortex flow 

a Flow at different velocities that fluctuates = Turbulent flow 

See also Flow Effects Flow Anfa t, Flow Quai n I r«nent Flow 

Eniod ro Spinal Fluid Pulsat n Arfi t Sard! is ilar It j and 

Cardiac MRI. 
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